Objective: To evaluate long term (six years) lumen changes after balloon angioplasty by using quantitative coronary angiography. Methods: Complete serial quantitative coronary angiography (before and after angioplasty and at six months, three years, and six years) was performed in 100 patients with successful angioplasty and without subsequent repeated revascularisation. In all, 198 dilated segments were compared with 395 non-dilated segments that were obtained from non-target arteries of study patients. Results: From six months to three years after angioplasty, minimum lumen diameter (MLD) increased significantly by 0.13 (0.28) (mean (SD)) mm in dilated segments and decreased significantly by 0.04 (0.27) mm in non-dilated segments. From three years to six years, MLD remained stable in dilated segments but decreased further (by 0.04 (0.28) mm) in non-dilated segments. Consequently, the DMLD between six months and six years was larger in dilated segments than in non-dilated segments (0.12 (0.32) v 20.08 (0.34); p , 0.001). Further, DMLD from six months to six years correlated positively with the percentage diameter stenosis (DS) at six months in each group (dilated segments r = 0.47, p , 0.0001; non-dilated segments r = 0.49, p , 0.0001). Multivariate analysis showed that the only independent predictor of DMLD over six years for each group was the DS at six months. Conclusions: Lesion regression occurs within the first three years after angioplasty and reaches a plateau thereafter. Moreover, the stenosis severity at six months predicts the magnitude of late regression after angioplasty.
S
tenting is now the predominant type of catheter based coronary intervention. In a recent study of long term quantitative coronary angiography (QCA) follow up after stenting, Kimura and colleagues 1 showed that late (. 4 years) luminal renarrowing was common. Whether this late renarrowing phenomenon is specific to stenting is unclear because few studies have provided long term (> 5 years) QCA information after other interventional procedures, including balloon angioplasty. 2 3 The aim of the present study was to investigate changes in lesion regression over a six year period after angioplasty and to determine which clinical and angiographic factors are associated with these changes.
METHODS
Study population PCS (prevention of coronary sclerosis) was a prospective quantitative angiographic study with three serial (baseline, two year, and five year follow up) angiograms designed to test the effect of five years of pravastatin treatment on the progression of coronary atherosclerosis in normocholesterolaemic patients with coronary artery disease. The results of PCS have been published. 4 A total of 100 patients from the 329 patients of the original PCS cohort were enrolled into the present study according to the following criteria: (1) successful balloon angioplasty to de novo native coronary artery disease within one year before entry into PCS; (2) surviving clinically stable patients who did not undergo subsequent repeated revascularisation; (3) QCA data measured serially before and after angioplasty, at baseline, and at two year and five year follow up time points as part of the original PCS; and (4) the presence of nondilated site(s) obtained from non-target arteries during the initial procedure. Because the angioplasty technique itself may have accelerated disease proximal or distal to the dilated lesion as a result of endothelial injury, non-dilated segments in the treated arteries were excluded from analysis. Thus, 83 patients who underwent angioplasty to native three vessel disease during the initial procedure were excluded.
Exclusion criteria were: (1) death during follow up (11 patients); (2) catheter based interventions for new lesions that were unrelated to any dilated segments during the initial procedure (20 patients); (3) no follow up angiography (17 patients); (4) non-qualifying angiography for QCA analysis (24 patients); and (5) absence of segments treated with angioplasty (74 patients). These criteria accounted for the 146 patients of the original PCS cohort who were excluded from the present study.
The study protocol was approved by our institutional ethics committee. All patients gave written informed consent.
Balloon angioplasty procedure and QCA Coronary angiography and angioplasty were performed according to standard techniques. 4 Successful angioplasty was defined as the absence of major ischaemic complications, , 50% residual stenosis, and . 30% residual stenosis increase by visual estimation. Follow up angiography was performed at 6.8 (2.5) months, 36.2 (4.5) months, and 71.8 (4.7) months after the initial procedure, which is roughly Abbreviations: DS, percentage diameter stenosis; MLD, minimum lumen diameter; PCS, prevention of coronary sclerosis; QCA, quantitative coronary angiography equivalent to and designated as six months, three years, and six years, respectively. Coronary angiograms were submitted to the Heart Core in Leiden, the Netherlands, and analysed quantitatively in a blinded manner with the Cardiovascular Measurement System (CMS-MEDIS Medical Imaging Systems, Leiden, the Netherlands). For QCA, the coronary artery tree was divided into 15 segments on the basis of the American Heart Association classification. 5 For all QCA evaluable segments, reference diameter, minimum lumen diameter (MLD), and percentage diameter stenosis (DS) were analysed as previously described. 4 6 Statistical analysis Data are presented as mean (SD) or as frequencies. Repeated measures analysis of variance was used to establish any significant differences over time in reference diameter, MLD, and DS for the dilated and non-dilated segments. Withingroup data (after repeated measures analysis of variance) were compared with the paired t test. Between-group data were compared with the unpaired t test. All t tests were adjusted with the Bonferroni correction for multiple comparisons. A probability value of p , 0.05 was considered significant. Categorical variables were compared with the x 2 test or Fisher's exact test.
To identify associations between DMLD from six months to six years and clinical or angiographic factors including pravastatin usage, conventional risk factors, and QCA measurements, linear regression analyses were performed. Predictors were determined by stepwise linear regression with an entry criterion of 0.20 and a stay criterion of 0.05. Table 1 summarises the baseline characteristics in the study cohort of 100 patients who had complete serial angiograms and the 17 patients who did not have either a three or a six year follow up angiogram. No significant differences were observed between the two groups. In total, 198 dilated and 395 non-dilated segments were characterised from 100 study patients. Long term QCA outcomes and predictors of DMLD over six years Table 2 summarises results of complete serial QCA at six months, three years, and six years for the dilated and nondilated segments. Between six months and three years after angioplasty, MLD increased by 0.13 (0.28) mm in the dilated segments and decreased by 0.04 (0.27) mm in the nondilated segments. From three years to six years, MLD remained stable in the dilated segments but decreased further in the non-dilated segments by 0.04 (0.28) mm. Changes in DS were similar when comparing dilated and non-dilated segments. Consequently, lesion regression in dilated segments occurred within the first three years after angioplasty and there was little change in lumen dimensions beyond three years. As expected, non-dilated segments had gradual lesion progression over six years. The DDS from six months to six years in both groups correlated negatively with DS at six months (figs 1 and 2). Twenty two of the dilated segments had early restenosis (defined as > 50% DS at six months) and 18 of those with early stenosis had regressed to , 50% DS at six years. No dilated segments without early restenosis developed late restenosis (defined as > 50% DS at six years).
RESULTS

Baseline clinical and angiographic characteristics
In addition, the DMLD from six months to six years in both groups correlated positively with DS at six months (dilated segments r = 0.47, p , 0.0001; non-dilated segments r = 0.49, p , 0.0001). By multivariate analysis, the only independent predictor of DMLD between six months and six years for each group was DS at six months (dilated segments p = 0.0001; non-dilated segments p = 0.0001). In the nondilated segments, the relation between diabetes mellitus and DMLD over six years was of marginal significance (p = 0.055).
DISCUSSION
This study showed, firstly, that lesion regression occurred within the first three years after angioplasty and reached a plateau thereafter; and secondly, that the magnitude of late lesion regression correlated significantly with increased stenosis severity at six months. 
Previous studies of long term angiographic outcomes
In a five year QCA follow up study after angioplasty, Ormiston and colleagues 3 reported that lesion regression occurred at the dilated site (MLD 1.85 (0.54) mm at six months and 2.10 (0.62) mm at five years, p , 0.0001), which was consistent with data from the present study. Furthermore, the present study showed that the late luminal response after angioplasty may be divided into two distinct phases: the first three years, characterised by luminal enlargement; and beyond three years, characterised by little change.
This late luminal response after angioplasty contrasts with the response after stenting. In a serial QCA study of 131 patients undergoing Palmaz-Schatz stenting, Kimura and colleagues 1 showed that late luminal renarrowing was common beyond four years (MLD 2.19 (0.49) mm at three years v 1.85 (0.56) mm beyond four years, p , 0.0001) and speculated that this phenomenon may result from the chronic inflammation that occurs around stent struts.
Potential mechanisms for late regression after angioplasty Our finding that high grade stenosis at six months significantly affected late regression after angioplasty is consistent with previous observations, 3 which indicate that late regression may be a reversal of the early restenotic process. Indeed, histological studies suggest that the size of neointimal hyperplasia reaches a plateau between 1-4 months and gradually diminishes in size through removal of extracellular matrix. Therefore, reduction in extracellular matrix and fibrotic scar formation associated with maturation of smooth muscle cells have been implicated as possible mechanisms for late regression after angioplasty. 1 7 8 Interestingly, the relation between the DS at six months and DMLD over six years was significant and positive in both non-dilated and dilated segments in the present study. This is consistent with previous observations regarding the influence of the degree of pre-existing coronary stenoses on their evolution. 6 9 In a three year QCA follow up analysis of 348 patients with coronary artery disease, Jost and colleagues 9 showed that DMLD of the 1063 segments correlated positively with DS at baseline (r = 0.30, p , 0.001). However, this finding cannot be explained by a gradual progression of atherosclerosis secondary to diabetes, hypertension, or hypercholesterolaemia. Studies of human native coronary arteries showed that, in the presence of such systemic factors, additional localising haemodynamic factors, such as shear stress, contributes to plaque growth and vascular remodelling. 10 11 In a series of studies, Stone and colleagues 11 showed that regions of low shear stress promoted plaque growth with outward remodelling, while regions of physiological shear stress remained quiescent and regions of increased shear stress exhibited outward remodelling without plaque growth. This raises the possibility that non-dilated segments with high grade stenosis, which are associated with increased local shear stress, may develop outward remodelling without plaque growth and subsequent late lumen gain. Likewise, recent studies of postangioplasty arteries showed the highly interrelated processes of vascular remodelling and shear stress. 12 13 Thus, this mechanism may account for the similarity in the relation between DS at six months and DMLD over six years of dilated and non-dilated segments:
following the early restenotic process after angioplasty, increased shear stress may promote outward remodelling until shear stress is restored to baseline values.
Study limitations
This was a retrospective analysis. Clinical outcomes possess potential bias due to patient selection at follow up. Moreover, this study enrolled patients with both dilated and nondilated sites to characterise differences in late lumen response. In this manner, use of different segments within the same patient may influence the similarity in predictors of DMLD over six years when comparing the two groups. Thus, interpreting the present finding as a predictor independent of the individual patient requires some qualification.
